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IJy coln]~:il-ison  [0 tlIc :Ilmvc .1I’1,  work,  11’1’1, lI;IS
rcccnlly cInphasimd  llighcr-lcvc]  jn(clli~cnt  and
coo]) c.rativc Cor)trol  intcnctions  bc(wc.c.n llu]l]al]
al)d robot  I .S, 6]. [k)nsistcnt with ii stronp, interest
in flcxil)lc  asscmhly  opcra!ions,  1 (’J-I, seeks 10
rclicvc  opcralor  fatigue Ihrouf$  :Iu(olna(ioll, yet
allow  tk operator to In:IIILIally  interact with
robot  autolnation  with case if mdc(l. 1 ‘or cxal II-
])lc, 1 YJ’1, lIas dclnonslI:Ilcxl i)~lclli~clll  fi}ld coo]J-

rrfi/iw  c(JII/ro/  itl ,robo[ic c})cjnical  :Issay by
flan]c test. ‘1’IK ]01)0(, under su])c.rviscd  aLltof)-
omy, sets-ups, pulvcrinx,  sam])lcs  :IIId flatnc-
tests cl)c]))ical  substaIIccx,  with IIIC opcI:  Itor
intcrvcninpj  to :,raphicxtlly rc-dcsi:,l);ltc  locations
Of (] CS;I”lX]  ~lClj(MJS  O]’ lLC]CO}3Cl”lltC  (O ({l’ ill  Wilt]  [d
:il~[)l~~:llics.  ];,’l’]  , 11:1s (ICVC.1O])C(1 tllC  h41il  S’1’l iR-

fh40dcl  1 inhmml  IIltcllig,cllt  aI)d Skillful :l’clc-
opcrational I<obot) sys(cm  arcl]itccturc  to c. IIal)lc
SLICII  supc.rvisory  cent IO] [5]. A kcy dc.si~,n fea-
ture of Illis :Ircl]ilccturc.  is (k cmbcddin~,  of
CIIIIiIOIIIIlCIlt:Il  aIld co])trol knmvlcxi:,c within 2
collcctiol)  of Iask-orjcntcxl  ol)jcc[  Jnodcls,
wltcrcil)  llIc mode] lcl~l~-sclll:lliol)  itself is
“ol)ic.cl-olicillc(l.”” 1 i.p., CACII ol}jcct IIIO(lC1 CCJII-

(;lins sL’11’-ktlLJ\IlcLl:,L’  SIICII :IS lx)si(i{)n  OIId orictl-
[atioll  Lvitll  rrspcu( 10 Lv[)rld [(x)udi]{d(cs (“ol).jcct
l[Jcilli7:llio11’)  ill)(l  ifs :11’I’IXI1lL’1][  r~’l:itiollslli]~s  to
()[11(’1’  Ol)jcds.  ‘1”11(’ 01).jrc( II)[xlcls Cllll)c(l  1)0111
o~l)~.1.i~ :111(1  spL~cii’ic  ll:ll~(lli[)y,  kll[)\vlcd:, Lc,P Sllcll
(l~;I( [IIC ut)lnlll;indillg 01’;I con[ml  o]k:r:[lioll,  c.~.,
~)ick. am. I)lacc!, invokes ;I ]inkcd l)icralcl]y  of
])r~)ccsscs, il]cllldii]:,  tlIc [Ill([)tl];llic sc(]llc]lcil]:,  of
basic c: II Ilcra vicl~’in{’,  ])rilllitivcs  [6].

N]~A]/  ‘J’J~]/~~ ]~],A~s AN]) ]I]<()(; ]{]~ss

.JI’l, an(i ]irl’l.  scp:II”;Itc]y  fund tl]cir lJ,S. -.l:ip:m
tclcrol)o[ics  I<& 1 J coo] )rral iojl II]rougll  j)r(~jccts
rcspcdivc]y  Cll[i[lcd “l~istril)u[cd  S]mcc ‘l’clcro-
l)otirs,”  and “ltl(clo])cl;i(  ioll,’J’cc  llllolo~,y  for
1 ,01):, l)istancc Robotics, “ ‘1 ‘lIcsc  cffol-(s,  wllic.h
in(lcpcndcnl]y  (Icvclop  (llcir coIIlpoIIcm[ [cchIlol -
():,ics,  cx)nvrr:,c  i]l ioi]llly  ilnplc]ncntcd  ovcrscm
systc.IH  clc]ll(~]]str:ttic~]ls. ‘1’llc first planned cxpcri-
lncn[ ([1 S-1 ‘Y9S) is lt”ll.~,~-lxlscd  Icletvbolic

d(@[J~’lWWt  of (1 .V{)?{tt”-[)()}  t’c}”(’(1  {)t))ital A’i’l)l[ic[’-

able  U]lit (01<[1)  cIIid clcc[ticill  CWIIICCIOLV. ‘J’his
o]xmtion  will l)c ])crforlne(l froln  .1 I’1, by a joilit
1 ;’1’1 ,-.11’1,  tcdm coIltrol iin,g,  aII 1 \’J’], robot.  ‘1’hcr~
Ivill  k a rcci])r(mil  o]mrat ions cxpcri]  ncnt (llS -
1;Y96)  fmlll  1 ;1’1, to .1I’1,  jvlmc a joinl J]’]  . -1 ;1’1,
Ican) will pcrforln  tclctolx)ti(  ,Yrwici))g  ofa lit)2-

itcd-(lcccss OR [J ill  (1 sitt~[{l[i[cd  ,YjJ(tcc ,Yl(i(  io]l

c)l]’iwnl)lc}l(.  11) gcllcla], (Ilcsc cxjxririlcntal
(lclllol~stl:itiolls”  find un(lcrlyil~g  tccllnolof,y
dcvclopIIIcllls  IIip,llli:,llt  r(dNI.\/  lclerolmlic  olM<r-

[I!ion  Jilldct’  Ililccttaitlly.  h4iIjoI sources of o]mra-
tional uncalaillty  include cffcc(s  of time. delay,
lilnilcd  catncm vicwjn:, :111(1 l:lck  of pJ’i[)l  task
knowlcdf,c.  Wc arc addressing, (~vo corrcs])ond-
in:, kcy tccllllolo:,y  ncc(is I I ). ‘1’l]c.  filst tcchllol  -
of,y ncd js to develop (/}r ill[ciligc)ll  i}llc):fcicc
.fot: o]wt(tlor  vi.v14ctli7,at  iofl  of’ c(N)llJIP.x  I\ IIJrk-

S]MIW.Y, [is lnotiv:ltcd  by tl]c ]L.(lllilt:lllcllts  to
szifcly  pc.rforjn robotic scrvicin~  tasks  in pl]ysi  -
cally  obstIuc[c(l,  limited vicivin:  access slrLlc-
Ilircs, and also [0 ln:lxillli7c vicwil]g, automation
llndcr t~’cll-stlllctllt’c(l  o])criltil]:,  conditions.
lksid capabi]i(ics  include a coI]l]NItcJ plalIncd-
:I[lcl-  t:lsk-syll cl]t[)i]izc(l  prcscntdliol]  of (Im :,lolmt
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plm oj)crilli(ms, via ii IIi:,ll-11’vcl  (wll(rol  illlcl’-.
f:lc’c. J]’] / Scl)[  (11C 1 i’1’l ? robot  Colltl”ol”  Colllll]:lll(ls
V;{( ;1 Sorkd  Conllccliol] OJ’CI’ IIllcm’1, from :1
1 /1s1’ cwnll’ol  ])l”():l”illll  :\t 1]’1  ,, to [Ill[)tllcl’  1 /1s1’
l“ob[)[ (“01 )[1’0]  [) f”of,l’[1111  :1( ] i’]’] >. \}’01’kSpdCC  lN()(]-

CIS II I;I( cnablc(i  sLIwcssfLIl  cxcculion  w e r e  resi-

d e n t  ivitllit~tl)clol)ot”  col)(ro]  prograwi  at llr~’l,.

ltilelligcnt Motion Control: J]’]., working with
{Jnivcrsity  of l’cmllsylvania  rcscmclmrs [-/]
ins(allcd at .1 I’1. a lc>:ll-lilllcrol)c)t  colItlollc.l:iI)  (l”

comIII:III(l  intcrfamtha(  c>olll])lisctl  lcrol)ot  si[c
of:l “~C]C])J”():,l’:lJ  llllli  Jl:” facility, wherein tllc
opc.ralorwil]  command a tilllc-:lll(l-  s]~:lcc(listtlll(
robot over co~lllllll~]ic:!tioll  links  that m:ty have.
variable. dday. ‘1’hC fllJld:lIllCJ)(:ll  ~11’CIII) COIltli-
l)uiion in this work includes dcvclopnmnt  al JJ’I,
Of ii JIO\’C.]  ]iiyCJ’Cd  bC}l(l\’io)”(l/  Colltr[)l  (lV(’]litCC-

l[{tc. Wi]cn aclivc,  this lmhdvimtl control
rcp]accs  a mm collvcntionttl  hybrid position/
f[)rcc Coll(l”o], as cc)llt’e~l(ic)ll:tlly  lid to COJ”I’CC(

qu:lnti(ative  vilri:l[ions in robot  form and posi-
tiO1l :lloll~,  V2iJ’jOUS :IXCS Of J’d)ot  (0[1]  OJ”  :, J’j]l]XX’

coIItact  wjth :111  objcxl  of interest [3], and can
:illtollolllollS]y  COJll]KUN:lt  C :Illd Sh”:itC~,  iC[l]]y COJ’-

rcct  for undrxirablc  ffl{(i)il(~[iw’  c}l(I?lgc.Y  ill tllc
task St:ltc.,  as dctcmincd  by tllc 1’01)0( SC. JISO1”S.

I;OI cxalnp]c,  the coJltK)llcr can assist a tillw
dd:lyd  O] NXIIOJ’  ill (kdill:  Wi th  Sll(i(iC1l,  lll)])J’C-

(iictab]c dis(urbanccs and varjntions  in cont:ic[
Wi(l] [l Workpiccc  being Scrvid,  OJ’ ObjC.Ct

(WX)lllltCJ’C(i.  ]]’] /-1]] ’C1lll  SIKXXX+SfU]ly  dClllOll-

stratc(i  in J:muary 1994 usc of tl]c bc.l~aviomi
con(mllcr 10 puncture zmri slim a Kapt(m tape
Scalll  sccurifl~,  s:ltclli(c thJ’lll:ii blm)kcts  about a

replica 01<11  h41 ill access pane] {ioor. ‘1’hc N) II-
tJ’O]]Cl”  Wcccssfllliy  JIl:llHl~>e(i  J~llll~i]~lC, lll~l)J’C-

dict:lb]c IIlct:ii-to-]l]ctlll  si(icwall  cwnt:icls  as a
cut[in:,  tooi travclcxi  latcraiiy  in 02 mm. wi(ic.
~,roovo of a continuolls  40 CII1.  p a t h  s w e e p .  ,f’r4ch

task,~  ha I’c c} I{IllcIlgcd  Ihc skillv of cwvt cxpcri-

ctl(c(l hI{))Io)/  ojxJIYIlor,Y in tc.lcc)]lc]:itiolls  (csts.
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